The purpose of this study is to evaluate the change of volatile compounds in Dakgalbi cooked by charcoal broiling. Fresh deboned and marinated chicken meat was cooked by electric-pan frying or charcoal broiling and subsequently irradiated with a dose of 0, 10 and 20 kGy. Volatile components from Dakgalbi were analyzed using solid phase micro-extraction gas chromatography -mass spectrometry (SPME GC-MS) and identified through the comparison of mass spectrum database. SPME GC-MS analysis shows that a total of 32 volatiles were identified. Among them, aldehydes such as hexanal and octanal, which have relevance to off-flavors such as green, paint, metallic, bean and rancid were detected in Dakgalbi cooked by both methods. However, the contents were less detected in the Dakgalbi cooked by charcoal broiling than in the Dakgalbi cooked by electric-pan frying. Gamma-irradiation caused the change in the formation of these aldehydes in cooked Dakgalbi. The irradiation significantly increased the contents of hexanal and octanal in Dakgalbi cooked by electric-pan frying and a similar increase was found in Dakgalbi cooked by charcoal broiling. However, the contents of the off-flavors were much less in the latter. The results suggest that charcoal broiling might be more effective than electric-pan frying for the reduction of the contents of off-flavor such as hexanal and octanal increased in Dakgalbi by gamma-irradiation.
Introduction
Dakgalbi is a popular chicken-based food in Korea. This food is made by cooking marinated chicken with lots of vegetables such as cabbage, sweet potatoes, scallions, onions; rice cake (Tteok); Korean chili paste (Gochugang). The common way to prepare Dakgalbi is stirfrying and charcoal broiling. Stir-frying is to cook marinated Dakgalbi with those ingredients on an iron pan and charcoal broiling is directly to grill Dakgalbi with the ingredients on charcoal fire. However, as Dakgalbi is commercially prepared, stir-frying is becoming more general than charcoal broiling. As Dakgalbi is prepared using high-protein chicken, and lots of high-dietary fiber and low-calorie vegetables, it is known to be a healthy food.
However, despite its popularity, Dakgalbi has a short shelf life as a cooked food. One of these reasons is due to the initial bacterial contamination level of the chicken and red pepper paste. Korean chili paste in particular has been reported to be contaminated with a high level of thermoresistant bacteria such as Bacillus spp. (over 6 Log CFU/ g of red pepper paste) (Yoon et al., 2009) . Therefore, the control of bacterial contamination on preparing Dakgalbi becomes a critical factor affecting its quality and hygienic safety.
Ionizing radiation is an effective food processing technology that can prevent food poisoning against harmful pathogens (Rajkowski and Thayer, 2000; Serrano et al., 1997) . Unlike heat treatment, this technology can expand the shelf life of foods by eliminating bacteria present in foods without changing the nutritional value (Ahn et al., 2004; Farkas, 2006; WHO, 1999) . Numerous studies using chicken demonstrate that ionizing radiation can improve the shelf life with no negative effects on their nutritional and sensory properties (Gomes et al., 2003; Javanmard et al., 2006; Mckay et al., 1997) . Recent research performed by our group also showed that gamma-irradiation enhances the shelf life of cooked Dakgalbi (Yoon et al., 2012) . However, as ionizing radiation can induce the generation 
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of radiation-specific off-flavor in foods (Yook et al., 1998) , it requires a combination with other food processing methods to alleviate the formation of the off-flavor. In this study, the effect of gamma-irradiation on the change of volatile compounds in Dakgalbi cooked by charcoal broiling and the effects of the cooking condition on the formation of off-flavors in Dakgalbi were investigated.
Material and Methods
Sample preparation Deboned fresh chicken was purchased from Harim Co. (Korea). As materials for the preparation of Dakgalbi sauce, Gochugang (CJ Co., Korea), crushed garlic (Dadam, CJ Co., Korea), soy sauce (Monggo Co., Korea), oligo-saccharides (CJ Co., Gyeonggido), saccharide (CJ Co., Gyeonggido), curry powder and turmeric powder (Emart, Korea) were procured from a local market in Jeongeup-si in South Korea. Carboxen-polydimethylsiloxan (CAR/PDMS) fiber for SPME GC-MS analysis was obtained from Supelco Co. (USA).
Preparation of Dakgalbi
The chicken was diced into small pieces (2×5 cm) and cooked after marinating with Dakgalbi sauce composed of 45% (w/v) red pepper paste, 22.5% (w/v) water, 10% (w/v) corn syrup, 5% (w/v) garlic, 5% (w/v) soy sauce, 5% (w/v) sugar, 4% (w/v) ginger, 2.5% (w/v) turmeric powder and 1% (w/v) curry powder. To be exact, 1,200 g of diced chicken was seasoned with 300 g of Dakgalbi sauce for 2 h at 4 o C. The marinated Dakgalbi was then divided into 2 aliquots. One was used for the electric-pan frying and other was for the charcoal broiling. For the electric-pan frying (NU-VUE-3 Cooker, USA), the aliquot was cooked for 12 min until its central temperature ) and followed by freezing at -20 o C in refrigerator. The electric-pan-fried Dakgalbi sample was used as a control for comparing only the contents of hexanal and octanal formed in charcoal-broiled Dakgalbi sample.
Gamma irradiation
Gamma irradiation of cooked Dakgalbi was carried out using a cobalt-60 irradiator (IR-221; MDS Nordion International Co. Ltd., Canada) at the Advanced Radiation Technology Institute of the Korea Atomic Energy Research Institute (Korea). The frozen Dakgalbi samples were irradiated with absorbed doses of 10 and 20 kGy (10 kGy/h) in a dry-ice packed box. The determination of the absorbed dose of irradiated cooked Dakgalbi was performed using a 5 mm diameter alanine dosimeter (Bruker Instruments, Germany), calibrated against an international standard set by the International Atomic Energy Agency (Austria). The error of the total adsorbed doses in the Dakgalbi samples was within 2%. The irradiated samples were kept at -20 o C again prior to SPME GC-MS analysis.
Extraction of volatile compounds from Dakgalbi
Dakgalbi samples were finely chopped with a knife, and 2 g of each sample was placed into a 20 mL of headspace vial, and sealed with a septum and an aluminum cap. Carboxen-polydimethylsiloxan (CAR/PDMS, 75 mm) fiber was used for the extraction of volatile components. The fiber was preconditioned before the analyses according to the instructions by the manufacturer (Supelco Co., USA).
Volatiles were extracted by exposing CAR/PDMS fiber to the headspace of the sample vial maintained at 50 o C for 20 min. For the thermal desorption, the fiber was immediately inserted into GC injector, and a desorption time of 1.5 min at 250 o C was used in split mode (10:1). 
Analysis of GC-MS

Statistical Analysis
All Dakgalbi samples were repeated five times for GC-
